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WKHGHILQLWLRQRI WKHVPDUWJULG7KLVFDQEHDFFRPSOLVKHGE\QHZFRQWURODXWRPDWLRQWHFKQLTXHVDQGPRGHUQFRPPXQLFDWLRQV
LQIUDVWUXFWXUHWKDWEDVHGRQKDYLQJDVHQVLQJPHWHULQJPRQLWRULQJDQGPRGHUQHQHUJ\PDQDJHPHQWWHFKQRORJLHVFRQVLGHULQJWKH
GHPDQGRSWLPL]DWLRQDQGHQHUJ\V\VWHPDYDLODELOLW\/LE\DQ(OHFWULFDO1HWZRUNDVDQ\RWKHUHOHFWULFDOV\VWHPVXIIHULQJPDQ\
SUREOHPVDQGVKRXOGEHPRGHUQL]HGWRPHHWWKHVPDUWJULGUHTXLUHPHQWVRUDWOHDVWWREHUHDG\IRULQWHUIDFLQJZLWKWKHPRGHUQL]HG
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VPDUWJULG5RDG0DSRI/LE\DQHOHFWULFV\VWHP

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI,(5(.,QWHUQDWLRQDOH[SHUWVIRU5HVHDUFK(QULFKPHQWDQG.QRZOHGJH([FKDQJH
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RWKHUQRQOLQHDUORDGV>@OHDGVWRDPRGHOOLQJVKLIWLQWKHZD\WKDWSRZHUV\VWHPVDUHGHVLJQHGDQGRSHUDWHG7KLV
WUHQGLQFUHDVHVWKHQHHGIRUVPDUWJULG
6PDUW JULG V\VWHPV DUH EDVHG RQ FRPPXQLFDWLRQV EHWZHHQ ,62 LQGHSHQGHQW V\VWHP RSHUDWRUV DQG 572
V 
UHJLRQDOWUDQVPLVVLRQRUJDQL]DWLRQDQGFRQVXPHUV>@WKDWUHVXOWVLQPRUHHIILFLHQWXVHRIWKHUHQHZDEOHHQHUJ\
ZKLFKOHDGVWREHWWHUUHOLDEOHSRZHUV\VWHPDQGUHGXFWLRQRIFDUERQHPLVVLRQ

6PDUW*ULG+LVWRULFDO9LHZ
6PDUWJULGFDQEHFRQVLGHUHGDVD\RXQJLGHDVLQFHLWLVQDPHGLQWKHODWH
VDQGSUDFWLFDOO\LQWURGXFHGHDUO\

V7KHILUVWLPSOHPHQWDWLRQIRUVPDUWJULGZDVLQ,WDO\WKDWVWDUWLQJLQ
VZKHUHDERXWPLOOLRQVPDUWPHWHUV
ZHUHLQVWDOOHGDFURVVWKHFRXQWU\>@,Q8QLWHG6WDWHVEHJDQVHWWLQJXSLWVVPDUWJULGSURMHFWLQ$XVWLQ7H[DV
ZLWKLQVWDOOLQJDERXWQHZVPDUWGHYLFHVDQG%RXOGHUFLW\LQ&RORUDGR6WDWHFKRVHQWREHWKHSURMHFWRIVPDUW
JULGFLW\>@
$IWHUPDQ\FRXQWULHVLQ(XURSHDQG1RUWK$PHULFDWDNHHDUO\VWHSVWRZDUGVLPSOHPHQWDWLRQRIVPDUWJULG
V\VWHPV>@6RPHFRXQWULHVOLNH&KLQD,QGLDDQG%UD]LODOVRSUHSDUHWKHURDGPDSDQGWDNHVRPHHDUO\VWHSVIRUWKH
VPDUWJULGDOVR(J\SW7KDLODQG.RUHDDQG,UDQVWDUWZRUNLQJRQWKHURDGPDSIRUVPDUWJULGV\VWHPVDQGGHYLDWHG
WKHUHUHVHDUFKIRUFHWRZDUGVVPDUWJULGWHFKQRORJLHV>@
1RZWKHQXPEHURIFRXQWU\
VSURMHFWVIRUVPDUWJULGFLWLHVDUHLQSURJUHVVEXWVWLOOORQJZD\IRUWKHVPDUWJULGWR
EHWKHPDMRUHOHFWULFDOJULG>@

6PDUW*ULG'HILQLWLRQDQG$SSOLFDWLRQV
6PDUW JULG JLYHQ PDQ\ GLIIHUHQW GHILQLWLRQV HYHQ WKRXJK LW VHHPV LWV FRPLQJ IURP WKH VDPH VRXUFH RU LGHD
*HQHUDOO\6PDUW*ULG LV D W\SHRIPRGHUQJULG WKDW VXSSRUWV DOOSDUWVRIQDWLRQDOJULG >@6PDUWJULG LV WKHQH[W
JHQHUDWLRQRISRZHUJULGWRUHVROYHWKHSUREOHPVRIWKHRIFXUUHQWSRZHUJULGV\VWHPV>@
$SSOLFDWLRQRIVPDUWJULGLQGHYHORSHGDQGGHYHORSLQJFRXQWULHVJRHVWKURXJKGLIIHUHQWGLUHFWLRQVDFFRUGLQJWR
WKHLUQDWLRQDO JULG UHTXLUHPHQWVXQGHUVWDQGLQJRI VPDUWJULG WHFKQRORJLHV  DYDLODELOLW\RI VPDUWFRPPXQLFDWLRQV
PHDQVTXDOLW\RIWKHWKHLUQDWLRQDOJULGDQGVFLHQWLILFDQGWHFKQLFDOIRUFHDQGEXGJHWVDYDLODELOLW\
$FFRUGLQJWRWKHGHILQLWLRQVRIVPDUWJULGZKLFKLVFRQVLGHUHGDVWKHWRROWRLQFUHDVHWKHSRZHUV\VWHPHIILFLHQF\
ZLWKDQHQYLURQPHQWDOO\IULHQGO\ZD\>@WKDWFDQEHDFKLHYHGE\XSJUDGLQJWKHHOHFWULFDOSRZHULQIUDVWUXFWXUHDQG
HIILFLHQF\RIJHQHUDWRUVWUDQVPLVVLRQFRQVXPSWLRQDQGFRQYHUVLRQ
6RPH DSSOLFDWLRQV FRQFHQWUDWLQJ RQ WKH XVLQJ RI WKH VPDUW GHYLFHV DV WKH EDVH IRU VPDUW JULG DQG  RWKHUV
FRQFHQWUDWLQJRQWKHJHQHUDWLRQDQGWUDQVPLVVLRQV\VWHPVXSJUDGLQJWRDFKLHYHWKHKLJKHVWTXDOLW\DQGUHOLDELOLW\RI
SRZHU V\VWHP EDVHG RQ QHZ WHFKQRORJ\ DSSOLFDWLRQV RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQV V\VWHPV %XW WKHPRVW
LPSRUWDQWSDUWIRUDSSOLFDWLRQRIVPDUWJULGLVWKH'LVWULEXWLRQV\VWHPRUVRFDOOHG6PDUW'LVWULEXWLRQ*ULGZKHUHWKH
UHQHZDEOHVRXUFHVWDNHQLQFRQVLGHUDWLRQIRUHQHUJ\LQWHJUDWLRQDQGFRQVXPHUVDWWHQWLRQV

/LE\DQ1DWLRQDO(OHFWULF*ULGDQG5HTXLUHPHQWV
/LE\DLVRQHRIWKHODUJHVWFRXQWULHVLQ1RUWK$IULFDLWVDUHDLVDERXWPLOOLRQVTXDUHNLORPHWHUZLWKFRDVWOLQH
VWUHWFKHGRQWKHVRXWKHUQVKRUHRIWKH0HGLWHUUDQHDQ6HDIRUDERXWNPOHQJWK
/LE\DQHOHFWULFSRZHUQHWZRUNV\VWHPVDUHOLQNHGEHWZHHQWKHKLJKYROWDJHNYDQGNYQHWZRUNVDQGORZ
YROWDJHNYQHWZRUNVWKURXJKDPHGLXPYROWDJHWUDQVPLVVLRQFLUFXLWVRINYDQGNY7KHDYHUDJHGHPDQG
JURZWKUDWHRYHUWKHSDVWWKUHHGHFDGHVZDVSHUDQQXP$FFRUGLQJO\WKHJHQHUDWLRQVDQGQHWZRUNH[SDQVLRQVWR
PHHWWKHUHTXLUHPHQWVRIWKLVJURZWKKDYHDOZD\VEHHQWKHFRQVHTXHQWUHVXOW7KHFDEOHVDQGRYHUKHDGOLQHVIRUSRZHU
WUDQVPLVVLRQ DUH DERXW  NP ORQJ DQG WKH QXPEHU RI NY QHWZRUN LQVWDOOHG VXEVWDWLRQ LV  DQG 
VXEVWDWLRQVIRUNYQHWZRUNEHVLGHVWKHORZYROWDJHVXEVWDWLRQVDQGWUDQVIRUPHUV7KHSHDNORDGLVDERXW09$
>@/LE\DQSRZHUJULGLVRQHRIWKHEHVWJULGVDPRQJ1RUWK$IULFDQFRXQWULHVLW¶VDOZD\VXSGDWHGDQGUHQHZHGXQWLO
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\HDUEHIRUH/LE\DQZDUVWKDWKHOSVWKHSRZHUJULGWRVWDQGWKHGDPDJHVRFFXUVGXHWKHVHZDUV


)LJVKRZVWKHGLYLVLRQVRIJHRJUDSKLFDOUHJLRQVRI/LE\DQDUHD
7KHIRXUPDLQFLUFXLWV(DVW:HVW6RXWKDQG6RXWKHDVWDUHFRQQHFWHGDQGFRQWUROOHGE\DFHQWUDOGLVSDWFKDQG
HDFKFLUFXLWKDVLWVRZQFRQWUROXQLWDQGDOOFLUFXLWVDUHFRQQHFWHGDQGFRQWUROOHGZLWKDJRRG6&$'$V\VWHPWKDW
JLYHVWKHDELOLW\IRUWKHJULGWREHDXWRPDWLFDOO\FRQWUROOHG
7KHUHTXLUHPHQWVIRUWKH/LE\DQSRZHUJULGWREHDVPDUWJULGLVPDLQO\PDWWHURIGHFLVLRQVWKDWVKRXOGEHWDNHQ
E\DXWKRULW\DQGEXGJHWDYDLODELOLW\EXWWKHWHFKQLFDOVWHSVFDQEHVXPPDUL]HGDVIROORZV5HQHZLQJWKHSRZHUJULG
FRPSRQHQWVFRQVLGHULQJDUHSODQLQJSURMHFWE\LQVWDOOLQJDVPDUWGHYLFHVWKURXJKRXWWKHQHWZRUN
%XLOGDQGRUXSJUDGHWKH6&$'$V\VWHPDVZHOODVWKHFRPPXQLFDWLRQV\VWHPWREHXSWRGDWHG
+HDY\WUDLQLQJLQVLGHDQGDEURDGWRWKHWHFKQLFDOVWDIIRIWKH*(&2/JHQHUDOHOHFWULFDOFRPSDQ\RI/LE\DLQ
WKHILHOGRIFRQWUROOLQJXVLQJPDLQWDLQLQJDQGRSHUDWLQJWKHQHZVPDUWGHYLFHVDQG6&$'$V\VWHPVRIWZDUH
V
%XLOGDVSHFLDOVXSHUYLVRU\VWDIIIRUSUHSDULQJWKHLQIRUPDWLRQIRUWKHGHFLVLRQPDNHUV
6XSSRUWLQJZLGHVSUHDGXVHRIGLVWULEXWLRQHQHUJ\UHVRXUFHVE\XSJUDGLQJWKHLQIUDVWUXFWXUHRIWKHJULGWREHIOH[LEOH
IRUXVHRIGLVWULEXWLRQHQHUJ\UHVRXUFHVVXFKDVIXHOFHOOVPLFURWXUELQHVDQGUHQHZDEOHJHQHUDWLRQVDWKRPHVRIILFHV
DQGIDFWRULHV
6PDUWJULG5RDG0DSFRQVLGHUDWLRQVIRU/LE\DQ(OHFWULF1HWZRUN
$VDQRULJLQYLVLRQ WRVWDUW WKLQNLQJDERXW LPSOHPHQWLQJ6PDUW*ULG6* LQ/LE\D WKHUHVKRXOGEHDVWHSV WR
IROORZDIWHUSHUIRUPLQJWKHFRPPXQLW\RI6*RUDWOHDVWD*URXSFDOOHG6*JURXS7KLVJURXSDVDOHDGHUJURXSWKDW
VKRXOGVWDUW WKH5RDG0DSIRU/LE\DQ6*DQGSHUIRUPWKH SODWHIRUPZKLFKZLOOGHVFULEH WKH6*ODQGVFDSH LW
V
GULYHUVDQGWHFKQRORJLHVDOVRWKHYDOXHVRILQWHUQDWLRQDODQGORFDOFROODERUDWLRQLQWHFKQRORJ\LQQRYDWLRQVDQGVHDUFK
IRUVROXWLRQV
/LE\DQHOHFWULFSRZHUQHWZRUNQHHGVDSURSHUPRQLWRULQJ DQG LPSURYHPHQW WKDW UHTXLUHVDSUHSDUHGSODQHIRU
HQHUJ\ LQWHJUDWLRQ UHQHZDEOH HQHUJ\ SHQHWUDWLRQ LQYHVWPHQW  DQG  SXEOLF DZDUHQHVV IRU D VPDUW JULG /LE\DQ
UHVHDUFKHVDFDGHPLDDQGSULYDWHDQGWKHDXWKRULWLHVRIWKHHOHFWULFHQHUJ\,Q/LE\DVKRXOGVWDUWLQJEXLOGLQJDSODQV
IRUVROXWLRQDUFKLWHFWXUHRIHQHUJ\LQ/LE\DWKDWOHDGVWRIRUPWKHFRQVWUXFWLRQDQGLQIUDVWUXFWXUHRIIXWXUHJULGLQ
/LE\D$OVRWKHUHLVDQHHGWRDGHSOR\HGWHFKQRORJ\URDGPDSDSSURDFKWRLGHQWLI\WKHUHVHDUFKDQGGHYHORSPHQWV
QHHGHGWRVXSSRUWWKHVPDUWJULGLQ/LE\D
7KHIROORZLQJUHVHDUFKDUWLFOHVFDQEHFRQVLGHULQJIRU/LE\DQSRZHUJULG
6XJJHVWLRQRQKRZWRFRQVWUXFWWKH/LE\DQSRZHUVPDUWJULGFRQVLGHULQJWKHORFDORQHDVDEDVH
7KHUHTXLUHGGHYHORSPHQWVLQ/LE\DQSRZHUJHQHUDWLRQWUDQVPLVVLRQGLVWULEXWLRQV\VWHPVLQIUDVWUXFWXUHWRPHHW
WKHUHTXLUHPHQWVIRUVPDUWJULGFRQVLGHULQJWKHUHQHZDEOHHQHUJ\SHQHWUDWLRQ
 ,GHQWLI\LQJ WKH ILHOGV RI ODFNLQJ WHFKQRORJLHV IRU VPDUW JULG LPSOHPHQWDWLRQ VXFK DV HQHUJ\ WHFKQRORJ\
RSHUDWLRQDOWHFKQRORJ\FRPPXQLFDWLRQWHFKQRORJ\LQIRUPDWLRQWHFKQRORJ\DQGFRQVXPHUWHFKQRORJ\DQGSXWWLQJ
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VXFKILHOGVLQDSULRULW\PDQQHU
$OVRDQ,QYHVWPHQW(YDOXDWLRQ6\VWHPVKRXOGEHGHYHORSHGEDVHGRQD8QLILHG,QIRUPDWLRQ3ODWIRUPIRULQWHJUDWLRQ
RILQIRUPDWLRQDQGGDWDWKDWKHOSVIRUIXWXUHVPDUWJULGLQ/LE\D$VDQ\GHYHORSLQJFRXQWU\DQRYHUDOOSODQFDQEH
VXJJHVWHGIRU/LE\DQSRZHUVPDUWJULGWKDWFDQEHVXPPDUL]HGLQWKHIROORZLQJILJXUH



)LJ5RDG0DS*HQHUDO$SSURDFK)RU/LE\DQ6PDUW*ULG

&RQFOXVLRQVDQG5HFRPPHQGDWLRQV
7KLVVWXG\UHVXOWVWKHIROORZLQJ
&RQFOXVLRQ
/LE\DDVDGHYHORSLQJFRXQWU\VWLOOQRWVWDUWLQJ\HWWKHFRQVWUXFWLRQRIHOHFWULF6PDUW*ULGHYHQWKRXJKLW
VEDVLF
HOHFWULFJULGLVRQHRIWKHEHVWJULGVDPRQJ1RUWKHUQ$IULFDQ
VFRXQWULHV
7KHUHLVVRPHVWDUWLQJUHVHDUFKIRUVPDUWJULGLQWKH$FDGHPLFDQG8QLYHUVLWLHVOHYHODQG/LE\DQ(OHFWULF&RPSDQ\
*(&2/$JURXSRIUHVHDUFKIRU6*LVVWDUWHGLQ((GHSDUWPHQWRI/LE\DQ$FDGHP\LQFRQQHFWLRQZLWK*(&2/
,QWKLVSDSHUD5RDGPDSIRU/LE\DQHOHFWULFVPDUWJULGLVWKHILUVWWLPHGHYHORSHGWKDWZLOOEHWKHEDVHLGHDIRU
WKHDXWKRULWLHVDQGUHVHDUFKHUVWRVWDUWZLWK7KHUHVHDUFKVKRXOGIRFXVRQDUUD\RILVVXHVDQGFKDOOHQJHVWKDWLQFOXGH
WKH FRQYHUJHQFH DQG LQWHJUDWLRQV RI HQKDQFLQJ SRZHU V\VWHP DQG SRZHU HOHFWURQLFV ZLWK LQIRUPDWLRQ DQG
FRPPXQLFDWLRQVWHFKQRORJLHV,&7$OVRWKHUHODWLRQVKLSVEHWZHHQ6*DQGUHQHZDEOHHQHUJ\UHVRXUFHVVHUYLFHVIRU
FRQVXPHUVQHZEXVLQHVVPRGHOVIRUXWLOLWLHVDQG6*SURMHFWV
5HFRPPHQGDWLRQV
7KHUHVHDUFKVKRXOGEHGLUHFWHGWRWKHIROORZLQJLVVXHV
*(&2/ VKRXOG VWDUWLQJXSJUDGLQJ WKHJULG HTXLSPHQW DQG LQVWDOO QHZ VPDUW GHYLFHV LQ DOO JULG VHFWLRQVRK
JHQHUDWLRQWUDQVPLVVLRQGLVWULEXWLRQDQGFXVWRPHUV
6WDUWLQJVXUYH\VWXGLHVDERXWFXVWRPHUVQHHGVFKRLFHVSDUWQHUVKLSVLQHQHUJ\JHQHUDWLRQVDQGH[FKDQJHV
(QFRXUDJLQJWKHVWRFNKROGHUVWREXLOGQHZSURMHFWVLQUHQHZDEOHHQHUJ\ILHOGVHVSHFLDOO\LQWKHSKRWRYROWDLF
DQGZLQGHQHUJ\GXHWKHKLJKDYDLODELOLW\LQ/LE\D
 &RQFHQWUDWLQJ RQ KDYLQJ WKH QHZ VWRUDJH V\VWHPV RI HOHFWULFDO HQHUJ\ DQG LVRODWLQJ DUW JULGV VLQFH /LE\DQ
SRSXODWLRQFRQFHQWUDWHGLQDVHPLGHVHUWDUHDVRXWRIWKHPDLQFLWLHV
5HTXLUHPHQWVIRU
7UDQVPLVVLRQ$SSOLFDWLRQV
5HTXLUHPHQWVIRU
'LVWULEXWLRQ$SSOLFDWLRQV
&XVWRPHUV
$SSOLFDWLRQV5HTXLUHPHQWV
0DUNHW5HVSRQVH 'HPDQG5HVSRQVH
7HFKQRORJ\5HTXLUHPHQWVIRU
6PDUW*ULG
,QIUDVWUXFWXUH5HTXLUHPHQWVIRU
6PDUW*ULG
5HQHZDEOH(QHUJ\DQG'*
3HQWUDWLRQ
655 Fadel I. Abdalla et al. /  Procedia Environmental Sciences  34 ( 2016 )  651 – 655 
$XWKRULWLHVVKRXOGSXVKPRUHDQGPRUHIRUUHVHDUFKLQWKH6*DUHDDQGSURYLGHPRUHJUDQWVXSSRUWVWRUHVHDUFK
$FDGHPLFDQGXQLYHUVLWLHV
5HIHUHQFHV
60DVVRXG$PLQDQG%UXFH):ROOHQEHUJ7RZDUGVD6PDUW*ULG,(((SRZHUDQGHQHUJ\PDJD]LQHSSHVWHS2FW
$QQH+DUULV6PDUW*ULG7KLQNLQJ7KH,(7PDJD]LQHSS(QJLQHHULQJDQG7HFKQRORJ\0D\-XQH
(XURSHDQ6PDUW*ULG7HFKQRORJ\SODWIRUP9LVLRQDQG6WUDWHJ\IRU(XURSH
V(OHFWULFLW\1HWZRUNRI)XWXUH(85
0RKVHQ)1HMDGDQGWHDO
VR$SSOLFDWLRQVRI6PDUW3RZHU*ULGLQ'HYHORSLQJ&RXQWULHVWK,QWUQHWLRQDO3RZHU(QJLQHHULQJ2SWLPL]DWLRQ
&RQIHUHQFH3(2&/DQJNDZL0DOH\VLD-XQH
(QEDOD3RZHU1HWZRUNV6PDUW*ULG7KH)XWXUHRIWKH(OHFWULFDO3RZHU6\VWHPDQLQWURGXFWLRQWRVPDUWJULG(QEDOD3RZHU1HWZRUN6HS
7RURQWRZZZHQEDODFRP
8SGDWHDQGUHYLHZRI,(((3VPDUWJULG LQWHURSHUDELOLW\DQG,(((LQWHUFRQQHFWLRQVWDQGDUGVE\7%DVVR -+DPEULFN'
'H%ODVLRDOO,(((PHPEHUV,(((

&KDQNRRN3DUN+\XQ-DH.LP<RQJ6RR.LP$Q(PSLULFDO6WXG\RI6PDUW*ULG7HFKQRQORJ\$FFHSWHQFH0RGHOLQ.RUHDQG,(((
(QHUJ\FRQ&RQIHUHQFH	([KLELWLRQ,&7(QHUJ\6RPSRVLXP
6XQ4LDQKDR&+(1*;LDR[LDR0XOW\2EMHFWLYH3ODQQLQJRI6PDUW*ULG%DVHGRQ0DWXULW\(YDOXDWLRQ,(((3(6,6*7$6,$
'3.RWKDUL3XVKSDQGUD6LQJKDQG0RRO6LQJK6PDUWJULGLQWHJUDWLRQRI3RZHUDQG,QIRUPDWLRQ6\VWHPV8QLYHUVLW\RI9HOORUL,QGLD
'HSRI(OHFWULFDO(QJLQHHULQJ
+DVDQ=(ODPDULDQG)DGHO,$EGDOOD2KP1HXWUDO*URXQGLQJ5HVLVWDQFHLQ/LEDQNY1HWZRUNDQG(IIHFWV,(((;SORUHIROORZLQJ
WKHFRQIHUHQFH83(&'XEOLQ


